Introduction {#sec0005}
============

The clavicle is the tenth most common fracture site, accounting for 2.6--5% of all fractures.[@bib0095], [@bib0100], [@bib0105] The estimated incidence of clavicle fractures in the United States is 24.4 per 100,000 person-years. The main causal factor is sports activity, accounting for 45% of all clavicle fractures.[@bib0110]

The substantial increase in the number of athletes in the last decades, associated with the great diversity of sports activities and the intensity at which these are practiced, has generated an increase in the incidence of this type of fracture.[@bib0110], [@bib0115] Court-Brown and Caesar[@bib0105] indicated that 12.8% of all fractures, regardless of location, were associated with sports trauma.

Clavicle fractures can be divided according to the region affected as middle third, medial third, and lateral third. The middle third accounts for 69--82% of all clavicle fractures.[@bib0095], [@bib0115]

In general, the treatment of middle third clavicle fractures is conservative, with satisfactory results.[@bib0120], [@bib0125], [@bib0130] The main indications for surgical treatment during the acute phase are: deviation or shortening greater than 1.5--2.0 cm between the bone fragments; exposed fractures or at-risk of exposure; neurovascular injury; floating shoulder; and polytraumatized patients.[@bib0120]

The main advantages of surgical treatment are the significantly lower rate of malunion and pseudoarthrosis, as well as earlier functional return when compared with conservative treatment.[@bib0120], [@bib0125]

This study is aimed at presenting the results of the surgical treatment of clavicle fractures with pre-contoured plates in professional or amateur athletes.

Material and methods {#sec0010}
====================

Between March 2010 and October 2013, the authors performed 26 osteosyntheses in 25 patients with fractures of the middle third of the clavicle (two were performed in the same patient, but in different events, on different shoulders).

The inclusion criteria were closed fractures of the middle third of the clavicle, without neurovascular deficit, with deviation between the fragments or angulation without bone contact, in professional or amateur athletes who aimed an early return to their sport activities. The minimum follow-up time was six months. All patients underwent surgery in less than five days after trauma.

For diagnostic verification and surgical programming, radiographs in anteroposterior (AP) and lateral views were performed, as well as a AP cephalic 20° angulation view, when deemed necessary ([Fig. 1](#fig0005){ref-type="fig"}).Fig. 1Radiograph of left clavicle after a cycling accident.

By the Robinson classification, 16 fractures were type 2B1 and ten, type 2B2. Only seven fractures (26.9%) were simple fractures; nine were with wedge comminution (34.6%), and ten had at least three fragments (38.4). The mean age was 37 years (range: 15--63); 20 patients were male and five were female ([Table 1](#tbl0005){ref-type="table"}).Table 1Patient gender and fracture laterality.Table 1Type of fracture*n* (%)*2B1*16 (61.5)*2B2*10 (38.5)  *Gender* Male21 (80.7) Female5 (19.3)  *Laterality* Right13 (50) Left13 (50)

The technique used was open reduction with internal fixation with an Acumed pre-contoured plate (Hillsboro, OR, USA). The plates were positioned on the superior aspect of the clavicle. Fixation was performed with at least three medial screws and three lateral screws. At least two cortical screws were used; the first screw proximal to the fracture and the second, lateral. The fixation was completed, preferably, with locking screws. In eight cases, anchor fixation was done with unabsorbable high-resistance polyethylene fiberwire (FiberWire^®^, Arthrex Inc., Naples, FL, USA) after plaque fixation ([Fig. 2](#fig0010){ref-type="fig"}, [Fig. 3](#fig0015){ref-type="fig"}).Fig. 2Transoperative image of the left shoulder after osteosynthesis with locking plate and suture with high-resistance fiberwires.Fig. 3Postoperative radiograph of the left clavicle.

Patients were reassessed one week postoperatively, and thereafter every two weeks until medical discharge. All shoulders were immobilized in a simple sling immediately after surgery; patients underwent supervised rehabilitation three times a week with passive mobilization during the first week and active mobilization after the 15th postoperative day. A single rehabilitation protocol was used in the first 21 days; after that period, the rehabilitation was individualized and intensified according to the patients' tolerance, aiming for a faster return to sports activity. This return did not depend on radiographic consolidation, but rather was allowed after the patient was able to perform a complete range of motion without pain and the force test presented a result similar to that of the contralateral shoulder through the use of a manual dynamometer.

A significant difference was observed regarding time to return to sports activity, with a mean of 45.6 days. Two athletes returned to sports even without medical clearance, at 17 and 20 days, respectively ([Table 2](#tbl0010){ref-type="table"}).Table 2Sport practiced, time of return to sports, and number of practitioners.Table 2Sport practicedNo. of practitionersTime of return to sportsMotorcycle racing8 (30.7%)17--89 (46)Triathlon4 (15.3%)30--50 (42.5)Cycling3 (11.5%)25--62 (48.6)Mountain biking3 (11.5%)25--90 (50)Running3 (11.5%)40--91 (64)Soccer1 (3.9%)25Basketball1 (3.9%)45Gymnastics1 (3.9%)30Golf1 (3.9%)25Skiing1 (3.9%)60  Total26−45.6

The mean follow-up was 16.8 months (6--48).

Results {#sec0015}
=======

The three-month radiographic control showed no loss in fracture reduction, signs of pseudoarthrosis, or implant failures in any of the osteosyntheses.

There were no superficial or deep infections, and no healing problems were observed during clinical follow-up. The loss of sensation observed in one case was minimized by careful dissection of the cutaneous branches of the supraclavicular nerve. Only two patients (7.7%) underwent implant removal; one patient presented skin discomfort and another patient had an esthetic complaint and expressed the desire to remove the implant.

Only one (3.8%) complication was observed: thrombosis of the left subclavian vein, which presented good response to conservative treatment. The patient returned to the sport (motorcycle racing) 70 days after the fixation, without functional restriction.

Most patients (19; 73%) were authorized to return to sports activity after 21--60 days.

Functional assessment was performed using the University of California at Los Angeles (UCLA) score, applied from the third week onwards, with successive evaluations every two weeks during rehabilitation. The mean and standard deviation of the UCLA score were, respectively, 34.07 and 0.61. The score obtained by the patient was classified as follows: 34--35 points, excellent results, and 28--33 points, good; no poor results were observed.

Immediately after the medical discharge, 24 (92.3%) patients presented excellent and two (7.7%), good results; no poor results were found.

Discussion {#sec0020}
==========

The indication for surgical treatment in cases of fractures of the middle third of the clavicle should be individualized for athlete patients. In 2007, a multicenter article from the Canadian Society of Orthopedic Trauma compared functional outcomes and complications between conservative and surgical fracture treatment in 138 patients (not necessarily athletes), confirming the superiority of osteosynthesis over conservative management in patients presenting deviated fractures, with less time of radiographic consolidation, a lower rate of pseudarthrosis, and better DASH and Constant scores.[@bib0135]

The authors chose to use pre-contoured plates, because biomechanical studies have demonstrated their superiority in comparison with traditional reconstruction plates and dynamic compression plates (DCP) regarding initial rigidity, load of rupture, torsion, and flexion with support in three points in repeated cycles.[@bib0140], [@bib0145], [@bib0150] The choice of the superior positioning of the implant was based on biomechanical superiority when compared with the anteroinferior position, because the support surface is in the tension area and has a greater resistance momentum, due to the greater distance from the lower cortex; moreover, it allows the use of larger implants and screws.[@bib0145], [@bib0150], [@bib0155] On the other hand, the anteroinferior position presents a lower rate of reoperation due to skin irritation and lower risk of iatrogenic injury.[@bib0160], [@bib0165]

Özler et al. reported good results in a series of 16 patients with a minimum follow-up of one year and use of locking plates, but who only returned to their activities six weeks after osteosynthesis.[@bib0170] Patients were not necessarily athletes; the authors aimed at reporting the good results obtained, with a low rate of skin irritation and pseudarthrosis even with early mobilization.

In a study in semiprofessional athletes, surgical wound infection was the most frequent complication (18% of cases), and the refractive index was 5%. In 90% of cases, radiographic consolidation was observed in 12 weeks.[@bib0175] In the present study, even with early release for sports activity, no patients presented surgical wound infection, pseudarthrosis, delayed bone union, or refracture. The radiographic evaluation at 12 weeks demonstrated bone healing in all patients.

Meisterling et al. analyzed 29 athletes who underwent osteosynthesis of the middle third of the clavicle with a locking plate and obtained results similar to those presented in this study.[@bib0180] However, they considered return to sports as the return to any previous activity practiced by the athlete, not necessarily his main activity.

The present experience of fixation with pre-contoured plates in athletes presented convincing results. The authors believe that the sequential and individualized assessment helped in the earlier return to sports activity. Although all patients returned to the sports activity before bone healing, no cases of loss of fracture reduction or osteosynthesis failure were observed. The low complication rate and the early return to sports (mean: 45.6 days) were promising. Early fixation of the fracture in athletes results in good indexes by the UCLA score, and osteosynthesis results in less pain, which generates more comfort and confidence for patients in relation to conservative treatment.[@bib0135]

The main limitations of the study are the following: relatively small number of patients analyzed, lack of a control group, and lack of accurate information on the athletes' performance in the first postoperative competition, especially in the case of professional athletes.

Conclusion {#sec0025}
==========

Surgical treatment of clavicle fractures in athletes is an efficient and safe technique, allowing an early return to sports; it is the authors' first treatment option in this group of patients.
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